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A
ddresses F

undam
ental A

strophysics
Q

uestions w
ith U

nique C
apabilities

R
X

T
E

 has capabilities unm
atched by any other

current or planned m
ission –

•
Large collecting area and low

 background

•
B

road (2-200 keV
) energy coverage; w

ill
provide the only coverage above 10 keV

•
P

rovides tim
ing from

 1 m
s to 10 M

s

•
C

ontinuous m
onitoring of the X

-ray sky

•
R

apid response (15 m
in) w

hen necessary for
new

 sources and changes in know
n sources

•
H

ighly flexible (even “last-m
inute

”) scheduling,
excellent coverage of the night sky

•
U

niquely high telem
etry rates

•
S

ophisticated onboard data processing

R
X

T
E

 addresses m
any fundam

ental questions, including –
•

G
ravitational physics in the strong-field regim

e
•

P
hysics of ultradense m

atter and ultrastrong m
agnetic fields

•
M

ass inflow
s and outflow

s in accretion-pow
ered system

s
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R
ationale for C

ontinuing the M
ission

•
R

X
T

E
 h

as m
an

y u
n

iq
u

e cap
ab

ilities

•
T

h
ese cap

ab
ilities are co

n
tin

u
in

g
 to

 yield
 m

ajo
r

d
isco

veries th
at ad

d
ress fu

n
d

am
en

tal q
u

estio
n

s

•
F

o
llo

w
-u

p
 o

b
servatio

n
s are critical to

 cap
italize o

n

th
ese d

isco
veries an

d
 to

 reso
lve o

u
tstan

d
in

g
 q

u
estio

n
s

•
C

o
o

rd
in

ated
 o

b
servatio

n
s w

ith
 C

h
an

d
ra, X

M
M

-N
ew

to
n

,

IN
T

E
G

R
A

L
, an

d
 th

e n
ew

 T
eV

 o
b

servato
ries w

ill in
crease

g
reatly th

e scien
tific yield

s o
f all th

ese effo
rts
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Som
e M

ajor Scientific D
iscoveries and

A
ccom

plishm
ents Since June 2000

•
S

id
eb

an
d

s o
n

 kilo
h

ertz Q
P

O
s in

 n
eu

tro
n

 stars

•
P

airs o
f stab

le h
ig

h
-freq

u
en

cy Q
P

O
s in

 b
lack h

o
les

•
F

irm
er evid

en
ce fo

r b
lack h

o
les w

ith
 sig

n
ifican

t sp
in

•
E

vid
en

ce fo
r 3:2 freq

u
en

cy relatio
n

 o
f b

lack h
o

le Q
P

O
s

•
S

u
p

erb
u

rsts fro
m

 n
eu

tro
n

 stars

•
T

w
o

 m
o

re m
illiseco

n
d

 accretio
n

-p
o

w
ered

 p
u

lsars (m
akin

g
 3 to

tal)

•
S

tro
n

g
 co

rrelatio
n

 o
f X

-ray an
d

 T
eV

 flarin
g

 in
 b

lazars

•
E

vid
en

ce fo
r S

G
R

-like b
u

rsts fro
m

 an
 an

o
m

alo
u

s X
-ray p

u
lsar

•
L

arg
e g

litch
es in

 th
e sp

in
 o

f th
e fastest ro

tatio
n

-p
o

w
ered

 p
u

lsar

•
 D

isco
very o

f ad
d

itio
n

al p
u

lsars w
ith

 cyclo
tro

n
 reso

n
an

ce lin
es
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Som
e M

ajor Scientific D
iscoveries and

A
ccom

plishm
ents Since June 2000

E
ven

ts L
ast M

o
n

th
 (M

ay 2002)

•
D

isco
very o

f a th
ird

 m
illiseco

n
d

 accretio
n

-p
o

w
ered

 p
u

lsar
(X

T
E

 J0929
–314, n

spin  =
 185 H

z)

•
D

isco
very o

f a n
ew

 b
lack h

o
le can

d
id

ate (X
T

E
 J1908+

094)

•
S

im
u

ltan
eo

u
s very stro

n
g

 X
-ray an

d
 T

eV
  flare in

 1E
S

 1959+
650

•
S

tro
n

g
 X

-ray flare in
 E

ta C
arin

ae

•
X

-ray an
d

 rad
io

 o
b

servatio
n

s o
f u

n
u

su
ally stro

n
g

 o
p

tical flarin
g

o
f th

e b
lack h

o
le S

A
X

 J1819.3–2525 =
 V

4641 S
g

r

•
L

arg
est o

u
tb

u
rst o

f b
lack h

o
le can

d
id

ate G
X

 339–4 sin
ce 1988,

revealin
g

 m
icro

q
u

asar b
eh

avio
r (B

ello
n

i et al. 2002)

(10 R
X

T
E

 IA
U

 C
ircu

lars in
 M

ay)
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P
roductivity and G

uest O
bserving B

udget

R
X

T
E

 P
u

b
licatio

n
s

•
T

h
e yearly rate o

f R
X

T
E

-related
 refereed

 p
u

b
licatio

n
s h

as

in
creased

 b
y a facto

r ~
 10 fro

m
 1996 to

 2001

•
M

o
re th

an
 730 refereed

 p
ap

ers an
d

 430 IA
U

 C
ircu

lars h
ave n

o
w

b
een

 p
u

b
lish

ed

•
M

o
re th

an
 2,000 R

X
T

E
-related

 p
ap

ers h
ave b

een
 p

u
b

lish
ed

 to

d
ate  ( ~

 1,000 sin
ce th

e 2000 S
en

io
r R

eview
 )

R
eq

u
ested

 B
u

d
g

et fo
r G

u
est O

b
servatio

n
s

•
T

h
e 1998 S

en
io

r R
eview

 reco
m

m
en

d
ed

 th
at $1,000 k b

e

tran
sferred

 fro
m

 th
e R

X
T

E
 b

u
d

g
et to

 th
e A

D
P

 b
u

d
g

et to

su
p

p
o

rt R
X

T
E

 an
d

 o
th

er o
b

servatio
n

s via th
is p

ro
g

ram

•
F

o
r A

O
-8 w

e are req
u

estin
g

 an
 averag

e o
f $10 k fo

r su
ccessfu

l

R
X

T
E

 o
b

servin
g

 p
ro

p
o

sals, w
h

ich
 am

o
u

n
ts to

 $700k p
er year
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P
roductivity and G

uest O
bserving B

udget

D
ifferen

ces in
 A

O
-7 O

p
eratio

n
 M

o
d

e

•
L

ess relu
ctan

ce to
 in

terru
p

t n
o

n
-T

O
O

's  (60%
 m

o
re T

O
O

 o
b

servin
g

 tim
e

d
u

rin
g

 th
e first 3 m

o
n

th
s o

f A
O

-7 th
an

 in
 A

O
-6)

•
G

reater co
n

fid
en

ce in
 th

e valu
e o

f sh
o

rt o
b

servatio
n

s an
d

 skill at
p

lan
n

in
g

 are m
akin

g
 p

o
ssib

le m
o

re exten
sive m

o
n

ito
rin

g
 p

ro
g

ram
s

•
C

h
an

d
ra an

d
 X

M
M

-N
ew

to
n

 co
o

rd
in

ated
 o

b
servatio

n
s are m

o
re co

m
m

o
n

(~
20%

 o
f th

e to
tal)

•
C

h
an

d
ra cycle 5 T

A
C

s w
ill b

e ab
le to

 allo
cate 500 ksec o

f R
X

T
E

 tim
e

Ju
stificatio

n
 o

f th
e R

eq
u

ested
 B

u
d

g
et

•
T

h
e req

u
ested

 yearly b
u

d
g

et is o
n

ly ~
 40%

 o
f th

e averag
e b

u
d

g
et o

ver
th

e first 5 years o
f th

e m
issio

n

•
T

h
e req

u
ested

 b
u

d
g

et h
as (very m

o
d

est) su
p

p
o

rt fo
r G

O
s

•
S

u
p

p
o

rt fo
r a p

o
std

o
c to

 m
ain

tain
 th

e A
S

M
 calib

ratio
n

•
50%

 o
f a p

ro
g

ram
m

er to
 revise th

e so
ftw

are to
 p

ro
tect th

e u
n

iq
u

e
sch

ed
u

lin
g

 cap
ab

ility o
f R

X
T

E
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P
hysics of N

uclear B
urning and N

eutron Star
D

ynam
ics from

 X
-ray B

urst O
scillations

Im
plications for physics of neutron stars and nuclear burning –

•
T

h
e o

scillatio
n

s im
p

ly sp
in

 rates ~
 250–350

 H
z, as exp

ected
 fro

m
 m

ag
n

etic eq
u

ilib
riu

m
.

•
T

h
e o

scillatio
n

s in
 b

u
rst tails req

u
ire co

n
fin

em
en

t, p
o

ssib
ly b

y th
e m

ag
n

etic field
.

•
O

scillatio
n

 am
p

litu
d

es an
d

 w
avefo

rm
s co

n
strain

 n
eu

tro
n

 star co
m

p
actn

ess (M
/R

).

Ignition begins at a single point,
creating a bright spot.

A
s the bright spot rotates w

ith the
star, w

e see X
-ray oscillations.

T
he oscillation frequency varies

system
atically during a burst.

(S
trohm

ayer et al. 1996, 1998)

CountrateCountrate

 A
n X

-ray burst from
 4U

 1636-53 w
ith 1.7 m

s osc

T
im

e
T

im
e
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T
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D
iscovery of “Superbursts” W

ith N
early

Stable P
eriodic O

scillations

•  D
uration and total X

-ray energy is ~
 1,000 tim

es that of T
ype I X

-ray bursts

•  S
o far seen in five neutron stars. A

S
M

 saw
 2 superbursts from

 4U
1636–53.

•  N
uclear energy release occurs at m

uch greater depths than in T
ype I bursts

4U
1636

–53
T

ype I
bursts

S
uperburst
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K
ilohertz Q

uasi-P
eriodic X

-ray B
rightness

O
scillations in A

ccreting N
eutron Stars

K
ey kilohertz Q

P
O

 properties –

•
O

bserved in >
 20 neutron stars

•
H

igh coherence (n/dn ~
 30

–200)

•
T

w
o principal oscillations

•
T

heir frequency separation D
n

rem
ains fairly constant, about equal

to the neutron star spin frequency

•
T

he frequencies of the kH
z Q

P
O

s
can vary by several hundred H

z
w

ithin ~
 100

–1,000 seconds

X
-ray flux pow

er density spectrum
observed by W

ijnands et al. (1998)

S
co X

-1
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R
X

T
E

C
onstraints on P

roperties of D
ense M

atter
E

vidence for G
eneral R

elativistic E
ffects

  Left:  C
om

parison of upper kilohertz Q
P

O
 frequency w

ith N
S

 E
O

S
R

ight:  IS
C

O
 signature predicted by M

iller, Lam
b, and P

saltis (1998)

4U
0614+

091
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R
X

T
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R
X

T
E

E
vidence for the P

redicted ISC
O

 Signature
O

bserved in 4U
1820–30

  Left:  Q
P

O
 frequencies vs. countrate during 1996–97 (Z

ang et al. 1998)

R
ight:  Q

P
O

 frequencies vs. countrate during 1998 (K
aaret et al. 1999)
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D
iscovery of T

hree A
ccretion-P

ow
ered

M
illisecond P

ulsars in U
ltracom

pact System
s

n
spin  = 401 H

z,  f(M
) = 3.9 x 10

–5  M
O

SAX J1808.4-3658

XTE J0929-314

XTE J1751-305 1998

2002

2002

2.1 hr43 m
in

42 m
in

.

n
spin  = 435 H

z,  f(M
) = 1.3 x 10

–6  M
O .

n
spin  = 185 H

z,  f(M
) = 2.7 x 10

–7  M
O .
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D
iscovery of P

airs of H
igh-F

requency Q
P

O
s

in G
alactic B

lack-H
ole C

andidates

S
table frequencies, w

ith evidence for
3:2 frequency ratios

Q
P

O
s are strongest at photon energies

greater than 10 keV

A
m

plitude ratios change system
atically

w
ith X

-ray spectral state
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T
E

C
oordinated R

X
T

E
 &

 C
handra O

bservations
of F

e L
ines in G

alactic B
lack-H

ole C
andidates

•   R
X

T
E

/P
C

A
 and C

handra/H
E

T
G

S
 line spectra agree w

ell

•  T
he F

e line is broad w
ith a very narrow

 central com
ponent

•  T
he reflection continuum

 is very clear in the R
X

T
E

 spectrum

C
yg X

-1
N

arrow
 coreR

eflection
continuum

R
ed w

ing

M
iller et al.
(2002)
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R
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T
E

D
iscovery of Strong P

ositive C
orrelation

B
etw

een X
-ray and T

eV
 F

laring

M
k 501 (K

raw
czynski et al. 2002)

F
urther coordinated observations

w
ith T

eV
 observatories are a m

ajor
focus of the observing program
in the current A

O
-7 observing cycle
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R
X

T
E

H
ealth of the P

roportional C
ounter A

rray

P
C

U
 perform

ance has been stable
over the past 18 m

onths

O
n average, 3 P

C
U

s are in use at
any one tim

e

A
ll 5 P

C
U

s are used w
hen needed


